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High spin states in 105 Cd were studied using 92 Mo( 16 0, 2pn) 105 Cd reaction at an incident beam 
energy of 75 MeV. The level scheme of 10S Cd has been observed up to J 77 = (47/2“) and excitation 
energy ~ 10.8 MeV with the addition of 30 new 7-transitions to the previous work. Spin and 
parity for most of the reported levels are assigned from the DCO ratios and linear polarization 
measurements. The microscopic origin of the investigated band structures is discussed in the context 
of triaxial projected shell model (TPSM). The energies of observed positive and negative parity 
bands agree with the predictions of the TPSM by considering triaxial deformation for the observed 
excited band structures. The shape evolution with increasing angular momentum is explained in 
the framework of Cranked Shell Model (CSM) and the Total Routhian Surface (TRS) calculations. 

PACS numbers: 23.20.Lv, 21.10.Re, 23.20.En, 27.60,+j 


I. INTRODUCTION 

Study of nuclei in mass A ~ 105 region close to the N = 
Z = 50 shell closures is interesting due to existence of var¬ 
ious structural effects with increasing proton and neutron 
numbers. The availability of limited number of valance 
nucleons with respect to doubly magic 100 Sn core, makes 
this region, an ideal testing ground for the observation 
of various nuclear phenomena such as band termination, 
shears mechanism, antimagnetic rotation and shape evo¬ 
lution from collective to non-collective structures or vice 
versa [IHH]- These structures are attributed to various 
coupling and competition between collective and single 
particle degrees of freedom. 

The nuclei in this mass region show small deformation 
(& » 0.13) S 0 at low spins, evolving into collective 
structures with increasing angular momentum. This be¬ 
havior is observed particularly in lighter odd-A Cd iso¬ 
topes. Since these nuclei he in transitional region with 
two proton holes in high-fi lgg/2 orbital and several neu¬ 
tron particles in low-fi g7/2, d- 5/2 and hu/ 2 orbitals, the 
competing rotational-vibrational structures are built on 
the configurations involving these orbitals. For example, 
systematic study of 103_107 Cd ELM isotopes reveals 
that the yrast negative parity band structures are devel¬ 
oped on vibrational excitation at low spins, which evolved 
into rotational structures that terminate at higher spins. 
These rotational structures are interpreted due to the 
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alignment of idiu/2 pair. Whereas the positive parity 
bands are interpreted as based on configurations involv¬ 
ing z/g 7 / 2 and z/d 5 / 2 orbitals. Theoretically, these nuclei 
are predicted to have rapid shape transitions as a func¬ 
tion of rotational frequency due to the occupation prob¬ 
ability of valance quasiparticles in deformation driving 
high-j, low-fi orbitals. For example, such a shape transi¬ 
tion is evident in 103 Cd El based on total routhian sur¬ 
face calculations (TRS), which depicts that, the prolate 
shape of this nucleus persists up to spin J 7r =39/2 _ and 
changes to an oblate shape at higher spins. In case of 
107 Cd [§}, the shape of the nucleus, which is quite 7-soft 
at low spin, evolves into a near prolate shape at higher 
spins. Thus, the triaxial deformation parameter-7 has 
strong influence over the shape of nuclei and it would be 
interesting to investigate such an effect in 105 Cd. 

The low spin sates in 105 Cd have been reported pre¬ 
viously by several groups BP- First identification 
of excited negative parity structures in 105 Cd have been 
done by Regan et al, [12] using fusion evaporation reac¬ 
tion and reported the level structure up to J 71 ' = 47/2“. 
Later, the positive parity level structures were estab¬ 
lished by Jerrestam et al., @ with several modifications 
made in negative parity sequences. The observed band 
structures were discussed based on the spin diabatic sur¬ 
face calculations. Recently, the lifetimes of the yrast 
negative parity states above spin 23/2 h have been mea¬ 
sured using Doppler shift attenuation method |r|- The 
extracted B(E2 ) values show decrease with increasing 
spin, whereas the dynamic moment of inertia remains 
constant at ~ 30 L?MeV~ x . These are signatures of 
anti-magnetic rotational phenomenon in this band. Al- 
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though, the yrast negative parity bands in 105 Cd have 
been reported up to high spins, the high spin state infor¬ 
mation for positive and non-yrast negative parity states 
in 105 Cd is limited. Therefore, detailed investigation of 
these structures in 105 Cd to higher spins has been the 
subject of interest in the present work. In addition, the 
study of shape evolution in this nucleus enable us to un¬ 
derstand the competing interplay between single particle 
and collective degrees of freedom in this region. The 
deduced band structures have been analyzed using the 
cranked shell model (CSM) and triaxial projected shell 
model (TPSM) approaches. 

The present article is organized as follows. In Section 
IE the experimental methods and data analysis proce¬ 
dure adopted in this work are briefly discussed. The ex¬ 
perimental results and level scheme information are pre¬ 
sented in Section EE Section EE includes discussion on 
the level structures based on the cranked shell model cal¬ 
culations and the shape evolution in 105 Cd in the light 
of TRS and triaxial projected shell model (TPSM) cal¬ 
culations. Finally, a brief summary is given in Section IE 
Preliminary results of this work were reported in Ref. |lj] . 


gram MARCOS (Multi Parameter Coincidence Search) 
developed at TIFR. The data were analyzed in offline 
using RADWARE [E| and CANDLE [Iff analysis pro¬ 
grams. The level scheme of 105 Cd has been constructed 
based on the 7-7 coincidence relationships, intensity ar¬ 
guments, with the assumption that the intensity of the 
7 -transitions decreases monotonically as we go higher in 
cascade. Relative intensities of 7 -transitions were deter¬ 
mined using the gated projections from the E 7 - E 7 sym¬ 
metric matrix. 

The multipolarity of the 7 -transitions were assi gned 
using the observed coincidence angular correlations [ 201 . 
For this purpose, angle dependent matrices were con¬ 
structed by taking energies of the 7 -transitions from all 
the detector at forward or backward angle on one axis 
and the coincidence 7 -transitions from the rest of the 
detectors at 90° on other axis. The experimental DCO 
ratio was defined as the intensity (7) of a measured 7 -ray 
transition at 157° when gated on a reference 7 -ray at 90°, 
divided by the intensity of a measured 7 -ray transition at 
90° when gated on a reference 7 -ray at 157° (where the 
reference 7 -ray is of known multipolarity) and is given 
by the relation 


II. EXPERIMENTAL DETAILS AND DATA 
ANALYSIS 


Rdco 


/ 7l at 157° gated by 72 at 90° 
J 7l at 90° gated by 72 at 157° 


(1) 


In the present experiment, high spin states in 105 Cd 
were populated using the fusion evaporation reaction 
92 Mo( 16 0, 2pn) 105 Cd at an incident beam energy of 75 
MeV. Beam of 16 O ions with current of ~ 1 pnA was 
delivered by the 14UD Pelletron accelerator at Tata In¬ 
stitute of Fundamental Research (TIFR), Mumbai. The 
target used in the experiment was of 1 mg/cm 2 thickness 
on 10 mg/cm 2 Au backing. The de-exciting 7 -rays from 
reaction products were detected by the Indian National 
Gamma Array (INGA) [El facility at TIFR. During this 
experiment, INGA setup comprised of fifteen Compton 
suppressed clover Ge detectors, out of which, four were 
placed at 90°, two at 40°, two at 65°, two at 115°, two 
at 140°, and the remaining three were at 157° with re¬ 
spect to the beam direction. The clover detectors were 
kept at a distance of 25 cm from the target. The beam 
energy of 75 MeV was chosen based on experimental ex¬ 
citation function (relative yield as a function of beam 
energy) and PACE-4 [El statistical model calculations. 
At this beam energy, the cross section for 105 Cd is domi¬ 
nant and is competing with other reaction product 105 In. 
The relative photo peak efficiency of INGA array and en¬ 
ergy calibration were performed using 152 Eu and 133 Ba 
standard radioactive sources. 

The time stamped data were collected in list mode us¬ 
ing a Digital Data AcQuisition (DDAQ) system based on 
XIA Pixie-16 modules P3 and trigger was set when at 
least two detectors were fired in coincidence. A total of 
more than two billion 7 — 7 and higher fold coincidence 
events were recorded. The measured coincidence events 
were sorted in to 7 — 7 matrices using the sorting pro- 


If the gating transitions is of stretched quadrupole mul¬ 
tipolarity then this ratio is ~ 1 for stretched quadrupole 
transitions and ~ 0.5 for stretched dipole ones. If the 
gating transition is of stretched dipole multipolarity then 
this ratio is ~ 2 for stretched quadrupole, and is ~ 1 for 
stretched dipoles. For mixed dipole/quadrupole transi¬ 
tions R_dco, depends on the value of mixing ratio. 

Multipolarity assignments were further corroborated 
by measuring the linear polarization of the 7 -rays us¬ 
ing the integrated polarization directional correlation 
from oriented nuclei (IPDCO) method [El [22|. The 
HpGe clover detector were used as Compton polarime- 
ters to determine the electromagnetic character of the 7 - 
transitions. Two polarization matrices were constructed 
from the data corresponded to energy recorded in all de¬ 
tectors on one axis, while the other axis corresponded 
to the energy scattered in a perpendicular or parallel 
segment of the Clover detectors at 90° with respect to 
the beam axis. The number of parallel (Ny) and per¬ 
pendicular (Nx) scattering events for a given 7 -ray were 
obtained from projection spectra by gating on particu¬ 
lar transitions in 105 Cd. The experimental polarization 
asymmetry (IPDCO) ratio was deduced using the rela¬ 
tion 


A ipdco 


a(E'y)N± - JV|| 
a(F/ 7 )Vx + V|| 


( 2 ) 


Where Nx and Ny are the number of counts of 7 - 
transitions scattered perpendicular and parallel to the 
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FIG. 1: (Color online)Difference spectrum with a normaliza¬ 
tion constant between perpendicular and parallel scattering 
events of 7 -ray transitions in 105 In (upper panel) and 10S Cd 
(lower panel) distinguish the electric and magnetic nature of 
7 -rays. 105 In difference spectrum is taken as reference. 
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electric and magnetic nature of the transitions in 105 Cd 
and 105 In [23|. We included the difference spectrum of 
105 In to illustrate the electric and magnetic nature of 
transitions, as 105 In is one of the strongest channels pop¬ 
ulated in the reaction. The experimental polarization 
asymmetry (IPDCO) values obtained for several of the 
7 -transitions in 105 Cd and 105 In are shown in Fig. [2] and 
the 105 Cd IPDCO values are summarized in Table |T| 


III. RESULTS 
A. Level Scheme of 105 Cd 

The partial level scheme of 105 Cd as obtained in the 
present work is shown in Fig. [3] The present work ver¬ 
ified and confirmed the energy levels in the previously 
known level schemes [!, [T3 . ITil with certain changes and 
additions. A total of 30 new 7 -ray transitions were iden¬ 
tified and placed in the level scheme based on the coinci¬ 
dence sum energy relationships and intensity flow. The 
bands in the level scheme have been labeled namely B1 
to B7. A new positive parity band B2 is established in 
the present work up to J”' = (37/2+). Three new nega¬ 
tive parity bands are also identified and labeled as band 
B3, B5 and B 6 in the level scheme. The spins and pari¬ 
ties for the known low-lying states were adopted from the 
previous work ) 8 j, and these values along with the mea¬ 
sured DCO and polarization values were used as inputs 
for spin and parity assignments to the newly identified 
states. The 7 -ray energies, measured relative intensities, 
directional correlation orientation ratios (DCO), polar¬ 
ization asymmetry(A), multipolarities of the observed 
7 -transitions, and spins-parities of the levels belonging 
to 105 Cd are summarized in Table Q] Brief description of 
the observed band structures shown in level scheme are 
given below. 


1. Positive parity bands 


FIG. 2: Experimental polarization asymmetry (IPDCO) val¬ 
ues are plotted for transitions in 105 Cd (closed circles). Strong 
know transitions in 105 In (open cirecles) are also included for 
reference. 


reaction plane. a(E 7 ) is a correction factor defined as 
ratio of N||/Nj_ which is a measure of asymmetry be¬ 
tween parallel and perpendicular scattering events with 
in the crystals of the clover detector. The value of a(E 7 ) 
was found to be 0.99 obtained from the decay data of 
known radioactive sources 133 Ba and 152 Eu. The po¬ 
larization asymmetry (IPDCO) ratio is expected to be 
positive for electric transitions and negative for magnetic 
transitions. A near zero value is indicative of possible ad¬ 
mixture of electric and magnetic nature. Figure [0 illus¬ 
trate the difference spectrum between perpendicular and 
parallel scatterers with correction factor. It shows the 


The yrast positive parity band B1 was reported by Jer- 
restam et al, (&] up to spin J’ r = (27/2 + ) and this band 
was reported to decay from J 71 ' = (27/2 + ) to (23/2+) 
through 1293 keV 7 -ray. In this work, we could con¬ 
firm the states in band B1 up to spin 23/2 K. The 1293 
keV transition has been found to be in anti-coincidence 
with 1034, 902 keV decaying transitions and in coinci¬ 
dence with low spin 886 , 668 and 131 keV 7 -ray transi¬ 
tions. Therefore, the 1293 keV transition is placed above 
15/2 + . The measured R oco and IPDCO values for the 
1293 keV indicate magnetic dipole character (previous 
work assigned E2 nature) which suggests the level spin 
to be 17/2+ at an excitation energy of 2977 keV. Fig¬ 
ure [4] is a representative polarization spectrum gated on 
407+809 keV showing the overlap of parallel (N 11 ) and 
perpendicular (a(E 7 )N_L) scattering events observed in 
the 90° clover detectors. Higher counts for 1293 keV in 





























4 


105 

Cd 

48 57 


Group B8 


B7 


1341 \ ^ 987 

L s7 2167* Ali" 


1963 1407 


2006 


2156 


IUJ3 

j 670 3 


B6 

(35/2“) 6783 


B5 

(45/2“) 10072 

1314 

4l/ 2~ | 875 5 

1114* 

37/2~ j 7644 


B4 

10851 (47/2“) 


1584 


43/2“ 


1125 


\ 


31/2- 


27/2' 


5658 \ 
~\\ 
3 f 8 M1C 

I 460 0 \ 

30C 


999 H74 1331 

“ v j— \ I , 

887* \ I 


1465 

7802 ± 39/2“ 


35/2“ 


B3 

9975 (43/2“) 

1430* 

8545 i 39/2“ 


1233 

7372 | 35/2~ 


1/ino 887 

1492 |575 s 1354 n7g 

29/2 \ ^ 


1078 

6234 1 31/2“ 


1510 


1044 


140991668 826 

\ \ 23/ 2- j. 377 4 

' 6 J° * 1286 

\ V 


. 4248 ^ 2 7/2-./ 

905 

3343 -M- 23/2~ 

855 

. 2488 ^^^ 19 / 2 -. 

^861 


978 

r 51 / 2 5256 1 27/2“ 

r/^\ , 

1009 1064 

V 


B2 

7505.2 ( 37 / 2+ ) 

nr 

1212 

62 93 | 33 /2W 

1107* 

5186 1 29/2 + 


15391 


i.15/2- 

U1/2~ 


994 

47 92 | 25 /2+ 

809* 

33 84 j, 2 1/2 + 

8 r. 2S p4orV7 /2 - 

(1275) 1293 

J \ 


9/2+ 


_ 331 \ 

228 T » 1031 

7/2 604 7 5 18 ^ V 


392 363 


B1 

4807 (27/2 + ) 


1187 


23/2 + 


1034 

25 86 X 1 9/2' 


902 

1684 J. 1 5 /2' 


886 

799 H/2' 


FIG. 3: Partial level scheme of 105 Cd as obtained in the present work. Bands are labeled as B1 
The newly identified transitions are marked with (*) and the widths of the 7 -transitions are 
their intensities. 
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FIG. 4: (Color online)Shows the 407 + 809 keV gated projec¬ 
tion spectrum showing the 1293 keV linking transition from 
band B2 to band B1 and the 1064 keV linking transition from 
band B3 to band B2. The parallel components are slightly 
shifted for better visualization. Higher counts for 1064 keV 
transition in the perpendicular scattered spectrum indicates 
its electric nature whereas higher counts for 1293 keV transi¬ 
tion in the parallel scattered spectrum indicates its magnetic 
nature. 


parallel scattered spectrum indicates its magnetic nature 
while the reverse condition suggests the electric character 
for 1064 keV transition. A 7 -ray of energy 1187 keV is ob¬ 
served in coincidence with remaining transitions in band 
Bl. Hence, this transition is placed above the 23/2 + state 


FIG. 5: Summed 7-7 coincidence spectrum of 105 Cd with 
gates on 668 , 886 keV transitions in the yrast positive parity 
sequence. 


and the level at 4808 keV assigned a tentative spin J’ 1 ' = 
(27/2+). A series of 7 -ray transitions 770, 807, 812, and 
126 keV are decaying to the level with spin J 7r = 5/2 + 
of band Bl. Though these transitions are quite intense, 
we could not observe transitions above 2516 keV level as 
this state is as an isomer with = 4.5 /xs [24}. 

A new positive parity band B2 is identified for the first 
time in this work (shown in Fig. [3]) consisting of a series 
of transitions 407, 809, 994, 1107, and 1212 keV, which 
are placed above the level with spin = 17/2 + . A coin- 
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FIG. 6 : Summed 7-7 coincidence spectrum of 105 Cd with gates on 539, 786 keV transitions in the yrast negative parity sequence 
of band B4. 


cidence sum spectrum gated on 668 , and 886 keV of band 
B 1 displaying the transitions in band B 1 and B 2 is shown 
in Fig. [5] The measured R dco and IPDCO values for the 
407, 809, 994 and R dco for 1107 keV transitions indi¬ 
cate their E2 nature. This suggests spins 21/2+, 25/2 + , 
29/2 + and 33/2( + ) for levels in this band. We could not 
measure the DCO for 1212 keV 7 -ray due to low statis¬ 
tics. However, based on the coincidence and intensity ar¬ 
guments, this transition is placed above 33/2l + \ which 
extends the band B2 up to a tentative spin J 77 = (37/2 + ). 
The positive parity for this band B2 is further supported 
based on the systamatics. The isotones of 105 Cd in lower 
mass region such as 103 Pd [25[ and 101 Ru [26} have simi¬ 
lar positive parity band structures, in which the positive 
parity yrast bands are established over ground state pos¬ 
itive parity band. These excited positive parity bands 
also have linking transitions to the yrast negative par¬ 
ity band. Band B2 is also one of such band developed 
over ground state and also have linking transitions to 
the yrast negative parity band. Along with these new 
observations, a 7 -ray transition of energy 1064 keV is 
observed in coincidence with the transitions below 25/2 + 
level and with transitions above 27/2“ level in negative 
parity band B3. The measured DCO and IPDCO values 
of 1064 keV is consistent with electric dipole nature (see 
figure [U which confirm its placement between band B2 
and band B3. The placement of this transition is crucial, 
which causes the change of spins for all the states in band 
B3. Details about band B3 transitions will be discussed 
in the subsequent sections. The cross talk between tran¬ 


sitions in band B2 and states below 19/2“ of negative 
parity band B4 is confirmed with the observation of 896 
keV transition, and a tentative 1275 keV linking transi¬ 
tion. The low spin positive parity states are confirmed 
in this work and fit well with the previous works SO- 


2. Negative parity bands 

The proposed level scheme in the present work con¬ 
sists of four negative parity bands, namely band B3, B4, 
B5, and B 6 (shown in Fig. [3]). Band B4 is the strongly 
populated band, proposed to have vhn / 2 band head con¬ 
figuration fl2} . In the present work, this band is observed 
up to a spin J 77 = (47/2 _ ) and excitation energy ~ 10.8 
MeV and agree well with the reported levels in the pre¬ 
vious works E3 ■ A 7 — 7 coincidence sum spectrum 
gated on 539, and 786 keV transitions of the yrast neg¬ 
ative parity band B4 is shown in Fig. [ 6 ] This figure 
shows the newly identified transitions in bands B3, B5, 
B 6 , and B7 along with the known transitions in band 
B4. Band B3 is reported up to a spin (41/2 - ) in Ref.[ 8 }. 
We could extend this band up to J 77 = (43/2“) and ex¬ 
citation energy 9.9 MeV with the addition of 1430 keV 
transition and made several modifications in spin parity 
assignments of this band. The negative parity for this 
band B3 was a ssig ned based on IPDCO and from pre¬ 
vious works @, [Tl, E3. A 7 -ray of energy 1009 keV is 
placed as a connecting transition between band B3 and 
band B4. This transition is observed in coincidence with 
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TABLE I: Transition energy (E 7 ), relative Intensity (I 7 ), DCO ratio (Rdco), Polarization asymmetry (IPDCO), multipolarity 
of the transition (Electric/magnetic or D:Dipole/Q:Quadrupole), and initial and final spin and parity between which -transitions 
placed in the level scheme of 105Cd, are listed. The 539 keV (AJ = 2) transition in band B4 is used as gating transition for 
DCO measurements and the relative intensities are obtained with respect to the 539 keV transition by assuming its intensity 
as 100%. Errors are given in parentheses for I 7 , Rdco and IPDCO. 


Ery 

(keV) 

I~f 

(Rel.) 

Rdco 

A IPDCO 

Multipolarity of 
transition 

TV 

T7I- 

126 

14.5(7) 

0.97(3) 


Q 

21 /2+ 

17/2+ 

131 

97(8) 

0.56(3) 


Ml a 

7/2+ 

5/2+ 

228 

4.6(11) 

0.55(4) 


D 

9/2 1 

7/2+ 

260 

12 .2(10) 

0.61(7) 


Ml+E2 a 

9/2+ 

5/2+ 

331 

44.5(3) 

1.29(10) 

0.07(3) 

El 

11 /2" 

9/2+ 

363 

1.6(3) 

0.61(7) 


D 

11 /2" 

11 /2+ 

392 

40.2(4) 

0.55(3) 

0.07(3) 

El 

11 /2” 

9/2+ 

407 

10.8(3) 

0.97(6) 

0.02(7) 

E2 

21 /2+) 

17/2+ 

426 

2.7(3) 






486 

2.0(7) 






510 

14.4(6) 

1.08(9) 


D 

9/2+ 

9/2+ 

539 

100 


0.13(2) 

E2 

15/2” 

11 /2" 

604 

3.5(5) 

0.62(14) 

-0.004(8) 

Ml+E2 a 

7/2+ 

5/2+ 

639 

20.4(6) 

0.52(3) 

-0.03(3) 

Ml+E2 a 

9/2+ 

7/2+ 

668 

66.4(12) 

0.98(4) 

0.12(3) 

E2 

11 /2+ 

7/2+ 

701 

4.8(4) 

0.65(11) 


Ml+E2 a 

9/2+ 

7/2+ 

705 

18.3(6) 

0.59(7) 

-0.03(4) 

Ml 

17/2+ 

15/2+ 

770 

12.5(7) 

1.11(5) 


E2 a 

9/2+ 

5/2+ 

779 

4.7(4) 

0.63(7) 


D 

13/2+ 

11 /2+ 

786 

84.5(7) 

0.98(3) 

0.07(3) 

E2 

19/2" 

15/2" 

807 

20 .1(11) 

0.99(3) 

0.04(4) 

E2 

13/2+ 

9/2+ 

809 

9.3(11) 

0.97(7) 

0.05(4) 

E2 

25/2+ 

21 /2+ 

812 

16.5(7) 

1.19(11) 


Q 

17/2+ 

13/2+ 

826 

5.0(4) 

0.91(6) 


Q 

27/2f 

23/2- 

832 

31.5(6) 

0.97(6) 

0.09(4) 

E2 

9/2+ 

5/2+ 

855 

48.6(15) 

0.95(5) 

0.10(3) 

E2 

23/2" 

19/2" 

886 

32.7(8) 

0.96(6) 

0.13(3) 

E2 

15/2+ 

11 /2+ 

887 

2.1(4) 



(Q) 

33/2" 

29/2" 

896 

7.1(8) 

0.49(7) 


El 

21 /2+ 

19/2” 

902 

12.0(4) 

0.97(8) 

0.08(2) 

E2 

19/2+ 

15/2+ 

905 

36.0(6) 

0.96(5) 

0.04(2) 

E2 

27/2" 

23/2" 

978 

3.5(4) 

0.96(12) 

0.07(4) 

E2 

31/2” 

27/2” 

987 

< 1 






994 

4.6(7) 

0.98(2) 

0.17(7) 

E2 

29/2+ 

25/2+ 

999 

3.3(4) 

0.92(9) 


Q 

37/2” 

33/2” 

1009 

2.2(4) 

0.79(10) 

-0.12(4) 

Ml 

27/2” 

27/2” 

1032 

4.6(4) 

- 

- 


11 /2" 

7/2+ 

1034 

2.5(4) 

0.95(9) 


Q 

23/2+ 

19/2+ 

1044 

23.5(4) 

0.98(6) 

0.12(7) 

E2 

31/2" 

27/2" 

1058 

4.23(5) 

0.97(9) 


(Q) 

31/2 2 - 

27/2f 

1064 

2.4(4) 

0.65(9) 

0.05(6) 

El 

27/2“ 

25/2+ 

1078 

1.9(4) 

1 .12(10) 


Q 

35/2J” 

31/2+ 

1107 

1.9(3) 

1.14(11) 


Q 

33/2 (+) 

29/2+ 

1114 

2.4(3) 

1.15(11) 


Q 

41/2" 

37/2" 

1125 

1.5(4) 



(Q) 

(35/2 J) 

31/2J 

1174 

1.5(4) 



(D) 

37/2” 

35/2” 

1179 

13.2(6) 

1.05(11) 

0.08(5) 

E2 

35/2” 

31/2” 

1187 

0.5(4) 



(Q) 

(27/2+) 

23/2+ 

1212 

1.1(4) 



(Q) 

(37/2+) 

33/2 (+) 

1233 

1.2(4) 

0.95(11) 


Q 

39/2J- 

35/2)) 

1275 

1.2(4) 



D 

17/2+ 

15/2" 

1286 

5.8(7) 

0.99(5) 

0.19(8) 

E2 

23/2J" 

19/2” 

1293 

5.6(5) 

0.57(4) 

-0.19(5) 

Ml 

17/2+ 

15/2+ 


Adopted from NNDC 
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TABLE I: (Continued...) 


Ery 

(keV) 

I 1 

(Rel.) 

Rdco 

A IPDCO 

Multipolarity of 
transition 

jr 

T7I- 

1314 

2.0(4) 

- 


(Q) 

(45/2-) 

41/2~ 

1331 

4.1(6) 

0.97(12) 

0.22(9) 

E2 

39/2" 

35/2" 

1341 







1354 

3.3(4) 

0.67(9) 

-0.07(7) 

Ml 

33/2“ 

31/2" 

1407 

1.2(7) 






1410 

< 1 



(Q) 

31/2^ 

27/2- 

1412 

< 1 





31/2- 

1430 

1.1(4) 




(43/2r) 

39/2^ 

1465 

1.5(4) 

1.12(13) 


Q 

43/2" 

39/2" 

1492 

< 1 



(Q) 

(35/2J) 

31/2- 

1510 

2.4(5) 

0.48(11) 

-0.02(8) 

Ml 

29/2- 

27/2” 

1584 

< 1 



(Q) 

(47/2-) 

43/2- 

1610 

< 1 






1639 

< 1 





35/2- 

1668 

< 1 





23/2" 

1963 

< 1 





35/2- 

2006 

< 1 





31/2- 

2156 

< 1 





31/2- 

2167 

< 1 





35/2" 


a Adopted from NNDC 



FIG. 7: Summed 7-7 coincidence spectrum of 105 Cd with gates on 978, 1078 keV transitions in band B3. Inset illustrate the 
high energy transitions above 1400 keV with gate on 539, 786, 855, and 905 keV. 


all the transition in band B3 and transitions below 27/2“ 
in band B4. The measured DCO ratio for the 1009 keV 
7 -ray indicate AJ = 0 dipole nature (monopoles not al¬ 
lowed) suggesting a spin J 71 ' = 27/2“ to the level at 5256 
keV. This placement is further supported by the 1064 


keV (AJ = 1) connecting transition between band B2 
and B3, discussed in the previous section UlI A II A typ¬ 
ical 7 — 7 coincidence sum spectrum gated on 978, and 
1078 keV transitions is shown in Fig. [7] This spectrum 
shows evidence for 1064, and 1009 keV linking transi- 
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coincidence and intensity arguments. A group (B 8 ) of 
non-yrast low intensity 7 -ray transitions were found to 
be in coincidence with the transitions below 31/2“ state 
of yrast negative parity band B4. These transitions are 
placed in the level scheme based on the coincidence and 
sum energy relationship. The inset of Fig. [7] represents 
7 — 7 coincidence sum spectrum showing the transitions 
in group B 8 . 


IV. DISCUSSION 


103 


Cd 


105 


Cd 


lot , 

Cd 


109 


Cd 


FIG. 8: Comparison of low spin energy levels based on U = 
11/2 - band of odd-A Cd isotopes. 


tions between bands B3 to B2 and B3 to B4 respectively. 
The 978 keV 7 -ray in band B3 was previously reported 
as magnetic dipole transition, but in the present work, 
we have assigned a AJ = 2 electric character based on 
the DCO and IPDCO measurements. So the inclusion 
of the 1009, and 1064 keV transitions and assignment 
of AJ =2 nature to 978 keV transition changes the spin 
of each state in band B3 with respect to previous works 

SEMI. 

Band B5 is a new negative parity sequence identified 
in the present work, built on the 29/2“ level at 5758 
keV and was extended by four new transitions at ener¬ 
gies of 887, 999, 1114, and 1314 keV. This band decays to 
the negative parity states in band B4 via linking transi¬ 
tions of energies 1510, 1354, and 1174 keV. The observed 
R ,dco °f the 999, 1114 keV 7 -ray transitions are con¬ 
sistent with AJ =2 nature, suggesting J 71 ' = 37/2 _ , and 
41/2“, respectively. This is further confirmed by the 
dipole magnetic nature of the linking transitions of en¬ 
ergies 1510, 1354, and 1174 keV between bands B5 and 
B4. Thus negative parity is assigned for the transitions 
in band B5. The present work also established a neg¬ 
ative parity band B 6 built on the 23/2~ state at 3774 
keV, decaying to the yrast negative parity band B4 via 
a newly observed 1286 keV transition. This band is ob¬ 
served to spin 35/2 H with three 7 -transitions of energies 
826, 1058, 1125 keV. The observed R dco of 826, 1058, 
and decaying transition 1286 keV are consistent with AJ 
=2 nature. We could not measure DCO ratio for the 
1125 keV transition due to low statistics. However, its 
placement as part of band B 6 can be confirmed via other 
observed linking transitions 1410 and 1492 keV decaying 
to band B4. The parity of the band is assigned tenta¬ 
tively based on the observed DCO ratios and IPDCO of 
1286 keV linking transition between band B3 and B 6 . In 
addition, a new sequence B7 is identified, which decays to 
the negative parity states 19/2“, 23/2“ in band B4 via 
linking transitions 1610, 1668 keV and consists of in-band 
transitions 426 and 486 keV and placed according to the 


The structure of 105 Cd was discussed previously by sev¬ 
eral groups and the possible configurations for the yrast 
bands have been reported 10 . This nucleus lies in a 
transitional region with two proton holes and seven neu¬ 
tron particles with respect to N = Z = 50 shell closure. 
One can, therefore, expect transitional behavior between 
different nuclear shapes with small or moderate values 
of quadrupole deformations. Fig. [5] shows the negative 
parity levels based on the ^[/^wolband head configura¬ 
tion in the odd-A Cd isotopes [ill, 00 - The energy 
level spacing for the lowest transition decreasing from 643 
keV in 103 Cd to 515 keV in 107 Cd and 522 keV for 109 Cd. 
This indicates that the odd A 103 -i° 9 Cd isotopes shows 
gradual increase in collectivity with increasing neutron 
number up to A = 107 and the collectivity decreases for 
A =109 (see Fig. |SJ). This collectivity persists up to spin 
27/2 H and then decreasing gradually for higher spins 



FIG. 9: (a) Alignments (upper panel) and (b) dynamic mo¬ 
ment of inertia (lower panel) as a function of rotational fre¬ 
quency for bands Bl, B2 of 105 Cd. Harris model parameters 
of Sr 0 = 7.0 h 2 MeV -1 and Ai = 15.0 h 4 MeV -3 are used in 
the calculations. 
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ft co (Me V) 


FIG. 10: (a)Alignments (upper panel) and (b) dynamic mo¬ 
ments of inertia (lower panel) as a function of rotational fre¬ 
quency for bands B3 to B 6 of 105 Cd. Harris model parameters 
of 5>o = 7-0 h 2 MeV ” 1 and Sri = 15.0 h 4 MeV ” 3 are used in 
the calculations. 




105 


TlU)= 0.350, 1= 13.5 



0.100 0.200 0.300 0.400 0.500 

(^cos(Y+30) 



32COs(Y+30) 


FIG. 12: Total Routhian Surface calculations for the negative 
parity states ( 7 r, a) = (-, -) of 105 Cd at a rotational frequency 
of 0.35 MeV (top panel), and 0.70 MeV (bottom panel). The 
spacing between adjacent contours is 200 keV. 


FIG. 11: The plots show the single quasiparticle routhians 
based on cranked shell model calculations (a) for protons (left) 
and (b) for neutrons (right) in 105 Cd using shape parameters 
/?2 = 0.151, and 7 ~ 6 °. 


where the excited band configurations start to dominate 
leading the nucleus towards non-collective shapes. Such 
excited bands B3, B5 and B 6 are identified in the present 
work. 


A. Cranked shell model (CSM) analysis 

Band B1 is yrast positive parity band extended to J 7r 
= (27/2+) in this work and band B2 is a newly identified 
positive parity band. The upper panel of Fig. [9] shows 


the alignments observed in both band B1 and B2. The 
quasiparticle alignment has been observed for band B1 
around rotational frequency « 0.45 MeV, and it can be 
clearly seen from the lower panel of Fig. [9] that the dy¬ 
namic moment of inertia peaks at the similar rotational 
frequency. This alignment observed in band B1 can be 
interpreted based on the excitations involving ^[< 77 / 2 ] and 
i/[d 5 / 2 ] orbitals. This is also supported by the low align¬ 
ment gain(?s 3 H) observed in band Bl. Band B2 is de¬ 
populated to band Bl through a 1293 keV 7 -transition, 
which reduces the probability of identification of the band 
head of B2. The alignment as well as the dynamic mo¬ 
ment of inertia for band B2 in Fig. [9] shows smooth in¬ 
crease with increasing rotational frequency with no clear 
evidence of band crossing though there is slight up bend 
at Huj ~ 0.5 MeV. 

Band B4 is strongly populated ground state negative 
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parity yrast band built on v\h\\i 2 ] band head configura¬ 
tion. The upper panel in Fig. [TO] shows the alignments 
as function of rotational frequency for the negative par¬ 
ity bands. The first band crossing for band B4 has been 
observed around the rotational frequency ft 0.44 MeV. 
This is also evident in the lower panel of Fig. [TO] which 
shows the dynamic moment of inertia with respect to ro¬ 
tational frequency. The observed alignment in this band 
is smooth and it is interpreted due to the breaking of 
^[ 37 / 2 ] P a i r 0- After the first band crossing, the high 
spin states in band B4 above spin 27/2 h are generated 
due to the alignment of a pair of 7 r [< 79 / 2 ] proton holes 
with the configuration ^[(gg/ 2 )~ 2 ] ® ^[^ 11 / 2 (< 7 r/ 2 ) 2 )]• As 
mentioned earlier the life times of the high spins states 
above 23/2 h in this band have been reported in Ref. 0 
and they have proposed anti-magnetic rotational charac¬ 
ter to this band after the first band crossing. The align¬ 
ments for the excited band structures B3, B5 and B 6 
shows gradual increment with respect to the rotational 
frequency and the corresponding dynamic moments of 
inertia (lower panel of Fig. 1101) shows upbend around 
rotational frequency ft 0.54 MeV. These band structures 
are primarily based on one and three quasiparticle con¬ 
figurations. 

To understand the nature of the observed alignments 
and band crossing frequencies in 105 Cd, at fixed deforma¬ 
tion, single-particle routhians were calculated as a func¬ 
tion of rotational frequency based on a deformed Woods- 
Saxon potential l 29] , including pairing interaction at dif¬ 
ferent shape parameters. Fig. fill shows one of such plots 
for the quasi particle energies at shape parameters /?2 = 
0.151, 7 « 6 ° with respect to rotational frequency (feu). 
It is evident that the proton crossing frequency is slightly 
delayed than the neutron crossing frequency which re¬ 
flects the observed experimental alignments. Since 105 Cd 
has odd number of neutrons in g 7 / 2 , d. 5/2 and hn /2 or¬ 
bitals , the first neutron crossing observed at feu ft 0.4 
MeV is Pauli blocked. However, the neutron crossing fre¬ 
quency observed at feu ft 0.45 MeV is a clear indication 
that the first band crossing in the negative parity band 
B4 is due to the alignment of a pair of g 7 / 2 neutrons, 
whereas the proton crossing frequency observed around 
0.5 MeV supporting the second alignment is being inter¬ 
preted as due to the alignment of a pair of gg /2 protons. 

We have performed Hartree-Fock-Bogoliubov cranking 
calculations, using the universal parametrization of the 
Woods-Saxon potential with short range monopole pair¬ 
ing Q. BCS formalism was used to calculate the pairing 
gap A for both protons and neutrons. Total Routhian 
Surface (TRS) calculations were performed in the (/? 2 , 
7 ) plane at different rotational frequencies and the total 
energy was minimized with respect to hexadecapole de¬ 
formation (Pi). The calculations for the negative parity 
yrast states (-, -) indicate that the nucleus is 7 -soft at 
low rotational frequencies (feu = 0.1 MeV) with moder¬ 
ate deformation (P ft 0.13). The shape of the nucleus 
changes to prolate (P 2 ~ 0.15,7 ft 6 °) at the rotational 
frequency feu = 0.35 MeV close to the first band cross- 



FIG. 13: (Color online) Comparison of the calculated negative 
parity band energies minus the liquid drop rotational energy 
with present experimental data (Band B3, B4, B5 and B6) 
for 105 Cd. 


ing frequency, shown in the top panel of Fig. [T2] At 
higher rotational frequencies (feu = 0.7 MeV), multiple 
minima are seen in TRS (shown in the bottom panel of 
Fig. m which depicts that the shape of the nucleus is 
triaxial after the first band crossing. The validity of the 
TRS calculations is limited at higher rotational frequen¬ 
cies, and therefore to understand the triaxial nature of 
this nucleus and associated band configurations, we have 
performed triaxial projected shell model calculations de¬ 
scribed in the following section. 


B. Triaxial projected shell model (TPSM) analysis 

In order to further analyze the observed band struc¬ 
tures, we have also performed triaxial projected shell 
model calculations plot [fell for 105 Cd. The advantage of 
this model as compared to the CSM approach is that the 
angular-momentum is a good quantum number and a di¬ 
rect comparison can be made with experimental data. 
TPSM calculations are performed in three stages. In 
the first stage, triaxial basis are generated by solving 
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7/2 15/2 23/2 31/2 39/2 7/2 15/2 23/2 31/2 39/2 47/2 

Spin (h) 


FIG. 14: (Color online) Comparison of the calculated positive 
parity band energies minus the liquid drop rotational energy 
with experimental data (band B1 and B2) for 105 Cd. 


the triaxially deformed Nilsson potential with the defor¬ 
mation parameters of /?2 and 7 . In the present study 
of 105 Cd, we have used 02 = 0.150 and varied 7 to in¬ 
vestigate the triaxial nature of the observed high-spin 
band-structures. In the second stage, the intrinsic basis 
are projected onto good angular-momentum states using 
the three-dimensional angular-momentum projection op¬ 
erator. In the third and final stage, the projected basis 
are used to diagonalise the shell model Hamiltonian con¬ 
sisting of pairing plus quadrupole-quadrupole interaction 
terms. 

The TPSM results obtained after shell model diago- 
nalisation are depicted in Figs. [S] and [ll] for negative 
and positive parity bands, respectively. In Fig. [TSj the 
results obtained with 7 = 0.19° which is close to the axial 
limit, reproduce the yrast negative-parity band, but the 
three observed excited bands are totally different from 
the TPSM predicted bands. In order to investigate the 
7 dependence of the observed bands, we have also per¬ 
formed TPSM study for 7 = 11.31°, 16.69° and 25.01°. 
The results depicted in Fig. [T3l reveal that 7 = 25.01° re¬ 
produces the observed bands quite reasonably. It is noted 
from the figure that the yrast negative-parity band is al¬ 
most unchanged with 7 and, therefore, indicating that 


11/2 19/2 27/2 35/2 43/2 



FIG. 15: (Color online) Probability of various projected K- 
configurations in the wavefunctions of the observed negative 
parity bands for 105 Cd (one- and three-quasiparticle states). 


the yrast band is 7 -soft. However, the excited bands are 
noted to have a strong dependence on 7 and are predicted 
to have 7 -rigid deformation. We would like to mention 
that TPSM calculations were carried out in terms of the 
deformation parameters, e and e', and when expressing 
them in terms of 7 results into fractional values for 7 . 

The result for the lowest two positive-parity bands 
are shown in Fig. [14] and are again predicted to have 
a strong dependence on the triaxial deformation. The 
observed positive parity bands are noted to be repro¬ 
duced for 7 = 25.01° and therefore it is predicted from 
the present investigation that the shape of 105 Cd changes 
from 7 -soft to 7 -rigid for excited configurations. 

In order to shed light on the structure of the observed 
bands, the wavefunctions of the bands are plotted in 
Figs. [T5l and [T 6 l The band B4 shown in Fig. [T5l a) is pre¬ 
dominantly composed of one-quasineutron configuration, 
K=l/2(1.1068) an K=l/2(0.9288) in the low-spin region. 
The bands B 6 and B5 are predominantly composed of the 
one-quasineutron configurations, K=5/2 (1.1068) and 
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11/2 19/2 27/2 35/2 43/2 



Spin (h) 


FIG. 16: (Color online) Probability of various projected K- 
configurations in the wavefunctions of the observed positive 
parity bands for 105 Cd (one- and three-quasiparticle states). 


K=5/2(0.9288) and K= 9/2(1.1068) and K= 9/2(0.9288) 
and the band B3 is primarily a three-quasiparticle con¬ 
figuration. It is evident from Fig. [lB] that two observed 
positive parity B1 and B2 bands have predominant one- 
quasiparticle configurations, K=9/2, 13/2 and also three- 
quasiparticle contribution with K=17/2. We would like 
to point out that TPSM results in Figs. [15] and [TO] deviate 
for higher spin states, in particular, for bands B3 and B2. 
This indicates the importance of five or more quasiparti¬ 
cles states which are not included in the present TPSM 
analysis. We are presently in the process of generaliz¬ 
ing the TPSM approach to include higher quasiparticle 
states. 


V. SUMMARY 

In the present work, high spin states in 105 Cd have 
been studied using 92 Mo( 16 0, 2pn) 105 Cd reaction at an 


incident beam energy of 75 MeV. The earlier reported 
level structures have been verified. We have incorpo¬ 
rated several modifications in the positive and negative 
parity bands. Four new band structures have been es¬ 
tablished with the addition of 30 new transitions to the 
level scheme. Spin and parity of the observed states have 
been assigned based on the directional correlation ori¬ 
entation ratios, polarization asymmetry values and sys- 
tematics. The experimental alignments and rotational 
properties of the identified bands are discussed within 
the framework of cranked shell model, which explains the 
observed experimental alignments reasonably well. The 
TRS calculations for the yrast band structures show evo¬ 
lution from prolate shape at low rotational frequency to 
triaxial shapes at higher rotational frequencies. The tri- 
axial projected shell model calculations are performed, 
which predict that, the observed band structures has 
strong dependence on triaxial deformation and indicate 
that the shape of 105 Cd changes from 7 -soft to 7 -rigid 
for excited configurations. The calculated wave functions 
for the newly observed excited bands predict that one- 
quasiparticle configurations with K = 5/2 and 9/2 com¬ 
ponents are dominant for negative parity bands B5 and 
B 6 . The positive parity band B2 is based on configu¬ 
rations with K = 9/2, 13/2 (one-quasiparticle) and also 
K=17/2 (three-quasiparticle). 
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